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Introduction
There is an enormous literature on the returns to education. Most of the empirical literature focuses on the returns to different quantities of education, typically measured by years of schooling or different levels of academic or vocational qualifications. In general, inadequate attention has been paid to the returns to different types of education, partly due to data availability issues.
It is by now well established that returns to different university subjects (majors in the US) vary substantially (see e.g. Paglin and Rufolo (1990) , Arcidiacono (2004) and Altonji et al (2012) for the US and Walker and Zhu (2011) for the UK). Similarly, there is a general consensus that attending more selective (prestigious) universities is associated with higher wages and earnings.
The development and expansion of the Chinese education system in general, and the higher education (HE) system in particular, has been a key contributing factor of China's remarkable economic growth over the last 4 decades. Using a growth accounting model which treats human capital as the opportunity cost foregone, Whalley and Zhao (2013) suggest that increases in human capital contributed to as much as 38.1% of economic growth in China over 1978-2008, and even higher for 1999-2008 , a period of rapid HE expansion which witnessed an increase of annual enrolment by more than 4-fold. Whether and to what extent returns to HE vary by subjects and tiers of prestige are of enormous interest to policy makers and the general public in China, yet there is surprisingly little empirical evidence on this.
We contribute to the empirical literature on returns to higher education in the following ways. Firstly, to the best of our knowledge, this is the first attempt to estimate the treatment effects of both HE subjects and tiers of prestige on earnings in China.
Secondly, we show that OLS substantially underestimates the effect of attending more prestigious universities, especially for graduates of both genders in Law, Economics and Management (LEM). Moreover, our results indicate that after the massive HE expansion, returns to HE have declined for all graduates, except for those studying LEM or other subjects at the most prestigious universities. Lastly, we find that our results are robust to treating subjects as predetermined for the selection into higher education institutions (HEIs) by tiers of prestige. This is consistent with the fact that the tracking choice made by students in Chinese education system into the Science or Arts subjects during the Senior High School does restrict the HE subject choice at the time of university applications.
The rest of the paper is organized as follows. Section 2 reviews the relevant literature, with special reference to China. Section 3 discusses the institutional background. Section 4 presents the data while Section 5 discusses the Inverse Probability Weighted Regression Adjustment (IPWRA) methodology. The empirical results are presented and discussed in Section 6. Finally, Section 7 concludes.
Literature Review
It is well known that graduate earnings vary substantially by the subjects they study or the prestige (selectivity) tier of HEIs they attend. Numerous university league tables (e.g. the Complete University Guide for the UK) publish average graduate starting salaries by subjects on an annual basis. Recently, the UK Department for Education starts to publish official statistics of graduates employment and earnings outcomes up to 5 years after graduation for all subjects by university based on linked administrative data (Department for Education 2017).
The economic literature on returns to HE types can be classified into two strands: the first is concerned with returns to subjects (or majors as in the US literature) while typically holding the prestige tier constant, and the second is concerned with returns to prestige tier (also known as selectivity) while typically treating subjects as given. Both strands are dominated by descriptive analysis. In this brief review we will focus on the handful of studies which attempt to estimate the causal effect of either subject or prestige type. Paglin and Rufolo (1990) highlight the importance of mathematical ability in determining field choice for US college students, which is consistent with earnings maximization by major. In particular, they find that graduates with above average Graduate Record Exam (GRE) quantitative scores for their undergraduate field tend to switch to fields requiring higher average scores. Using a dynamic model of college and major choice which allows for switching and dropout, Arcidiacono (2004) focuses on ability sorting across majors in the National Longitudinal Study of the Class of 1972 (NLS72). While individuals appear to make the initial choice about college and major according to the course-specific expected earnings, they update their decisions by dropping out or changing the course, in the light of new information about their preferences and ability while in college.
Moreover, he finds large earnings premiums for natural science and business majors even after controlling for selection, with preferences for majors playing a key role.
As for the causal studies on the effect of college selectivity on earnings, most studies use matching methods which assume selection on observables only, see e.g. Chevalier and Conlon (2003) and Hussain et al. (2009) for the UK, both of which find a modest return to attending more selective universities of around 6% for one standard deviation increase in HEI quality. Dale and Krueger (2002) is the first attempt to allow for selection on unobservables. By matching students who were accepted, with those also applied to but were rejected, by the same set of colleges, they find little evidence of returns to attending more prestigious colleges in the US for students with the same ability. Following the Dale and Krueger method, Broecke (2012) finds that one standard deviation in selectivity leads to a 7% increase in earnings in the UK. The identification relies on comparing students who satisfied the conditional offers for their first-choice to students who applied to the same universities but who attended second-choice universities due to failure to meet the conditions of their preferred offer. Walker and Zhu (2018) attempt to estimate the treatment effect of both university selectivity and subjects for the UK. Using the Inverse Probability Weighted Regression Adjustment (IPWRA) approach to allow for selection on observables into both subjects and institution types, they find strong differences in returns to selectivity by subject. Belfield et al. (2018) also apply the IPWRA method on the new Longitudinal Education Outcomes (LEO) administrative dataset to account for variation in course selectivity and student characteristics, in order to estimate the relative labour market returns to different degrees in the UK. This paper will follow the same IPWRA methodology, which will be discussed in details in Section 5. Compared to the more conventional matching method which can only be applied to a binary treatment, the main advantage of the IPWRA method is that it allows for robust estimation of treatment effects when the number of treatments outnumber the number of potential instruments.
The recent HE expansion in China has been the topic of a growing literature, mostly published in Chinese. The literature review by Feng (2012) focusing on access equity indicates that most of the studies take the perspective of education or sociology and conclude that inequality has exacerbated following the expansion. In particular, students from disadvantaged (e.g. rural) backgrounds enroll disproportionately in lower-tier HEIs and/or less popular (lucrative) subjects. Allowing for complementariness among workers of different ages and qualifications, Li et al. (2017) show that the HE expansion has increased the college premium of older cohorts of graduates at the expense of more recent cohorts. Exploring the discontinuity in the months of births induced by the HE expansion, Dai et al. (2018) show that each additional year of university education induced by the 1999 higher education expansion increases monthly wage income by 21%, compared to an OLS estimate of 8%.
Few Chinese studies have examined the choice of university subjects and tiers in China. Using a sample of secondary school students from Beijing, Sheng (2017) shows that while there is little class difference in subject choice, students from highincome families are more likely to enter national key universities, which is the most prestigious tier in the Chinese education hierarchy.
Institutional Background
In 1986, China introduced 9-year compulsory education starting at age 6, with 6 years of primary education and 3 years of Junior High Schools. Students who continue with their education after completing compulsory schooling, enter vocational schools or Senior High Schools, both lasting 3 years. Students in the latter type of schools are streamed into the Science or Arts tracks for the last two years of upper secondary education (OECD 2016).
After 12 years of schooling, secondary school graduates can apply to colleges and universities, through a centralised admissions system which proceeds sequentially in tiers on the basis of the standardized National College Entrance Examinations (gaokao).
2 Colleges and universities in China can be classified into 3 tiers in descending order of prestige and entry requirements, i.e. Key universities (mostly National Project 985 and Project 211 universities), Ordinary universities, and vocationally training colleges. The duration of studies for the first two tiers is 4-5 years leading to a Bachelor's Degree upon the successful completion of study, whereas the duration of the last tier is 3 years leading to a college Diploma.
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Admissions in the second tier only starts once the assignment in the first tiers are finalized, and so on. Each applicant submits a lexicographic list to the provincial student placement office, indicating her preference over HEI (i.e. colleges and universities) and within each HEI, her preference over subjects. Importantly for our analysis, university applicants must consider both the tier of the HEI and the subject given HEI at the same time, which defines a university course. This is an important feature of the Chinese educational system which must be taken into account in the econometric analysis.
Another important institutional feature of China is the hukou, or household registration system, which classifies people as rural and urban status at birth, usually according to the mother's hukou status. It is widely known that education resources at primary and secondary level are highly unequal, in favour of urban residents in China, who enjoyed better access to HEIs, especially to the most prestigious ones. Intuitively, hukou status at that age is likely to determine whether the respondent attended an urban or rural secondary school, with systematic differences in the quality which might also be subject specific (e.g. rural secondary schools might struggle to recruit competent English teachers). In addition to family background variables such as mother's education, we will also exploit hukou status at age 12 as a key determinant of the choice of HE types faced by HE applicants in our formal analysis.
Data
This study is based on the China Family The survey collects information on employment, income, education and health at individual, family and community levels (see Xie and Hu (2014) Table 1A shows the relative frequencies by gender. While 46.7% of males in the sample are graduates, 54.6% of females hold a college or university degree. The variation in the relative frequencies partly reflect the popularity of a certain subject-tier combination, with Key-University Other Subjects and Key-University STEM being the least common combination for men and women respectively. years younger and more likely to come from an advantageous background as proxied by a non-agricultural hukou at age 12 and mother's education level. While women are more likely to live in urban areas than men do, there is no difference in the probability of living in the East Region, which is the most economically developed region of China. University graduates. The earnings premium for attending Key Universities for women is 0.22 log points. It is also interesting to note that STEM graduates have both the highest and the lowest earnings for both genders, implying a higher return to selectivity to study those subjects. Finally, it turns out the difference in earnings is more or less constant across all education levels and types, at about 0.20 log points. 
Methodology
We begin with Pooled Ordinary Least Squares (POLS) estimation of attending different types of HEIs, defined as combinations of subjects and tiers of varying selectivity, as a benchmark, to connect ourselves to the existing literature that has depended heavily on least squares. Due to the limitation imposed by sample sizes, we use a 3 by 3 grouping of HE subjects and tiers. We also present the corresponding random-effect (RE) results by gender.
Graduates' earnings will, to some extent, reflect their ability, as high ability students will earn more on average regardless of their HE attainment. Unfortunately, the CFPS does not contain information on standardized test scores, e.g. the National
University Entrance Exam (gaokao) scores which can be used as proxies for ability.
However, even if we were able to control for HE entry scores, coefficients of HE types in the regression analysis may still not be regarded as providing causal estimates, as the OLS counterfactual depends on there being no unobservable confounders (i.e. selection only on observables) and a parametric functional form assumption.
There may be important unobserved confounders such as family background, institutional factors (e.g. hukou status in the Chinese context) and personality traits that affect individual's choice of HE types. The usual approach to this problem is to either search for instruments for the choices that individuals make, or to exploit discontinuities associated with admission requirements. For the purpose of our analysis, the choice set is so large (indeed the 3 by 3 grouping we adopted could be regarded as a realistic minimum) that it would be extremely difficult to find a sufficiently large number of instruments or discontinuities being available (see Kirkeboen et al (2016) for an exception).
In our analysis of the effect of HE types on monthly earnings, we need to allow for multiple treatments, where we assume that selection into each treatment is driven only by observables. While matching methods is only applicable to a single binary treatment, weighting methods can deal with multiple treatments by ensuring treatment groups are similar to the control group by weighting them accordingly. Under the conditional independence assumption (CIA) which implies that there is only selection on observables, this weighting method can yield causal estimates of the Average Treatment Effects (ATE).
In particular, we will explore the "doubly robust" inverse-probability weighted regression-adjustment (IPWRA) estimator (see Wooldridge 2007 , Wooldridge 2010 chapter 13, and Imbens and Wooldridge 2009). IPWRA estimates the average treatment effect (ATE) of any HE types, allowing for selection into a particular HE type using multinomial logit model in the first step. In the second step, this estimator then estimates an OLS regression of log earnings using the reweighted data, using the inverse of the predicted probabilities from the first step as the weights. In other words, IPWRA weights observations in the sparse parts of the distribution more heavily. If the functional form is correct then the OLS estimates are unaffected by any weighting.
However, the true functional form is rarely known in practice, and any misspecification is likely to yield biased estimates.
Indeed, IPWRA is doubly robust in the sense that only one of the two steps needs to be specified correctly. In other words, the estimates of the second step, the log earnings equation, are robust to misspecification in the weighting of the data conditional on the specification of the second step being correct; and the estimates of the second step are also robust to misspecification of the second step provided the multinomial logit weighting in the first step is correctly specified.
Walker and Zhu (2018) is a recent example of the application of the IPWRA approach to estimate the relative returns to HE types in the UK. While they are able to control for the selectivity of the courses a graduate attended using the detrended mean standardized university entry scores known as A-Levels, the fact that the UK Labour Force Survey does not contain information on family background means that their treatment effect estimates might still be biased due to potential selection on unobservables. Region are even higher.
Empirical Results

Main results
6 Controlling for occupation, industry and ownership types of employers will lead to endogeneity bias, as all these are post-education choices which in principle simultaneously affect earnings. Table A3 in the Appendix tabulates the choice of HE subjects and HE tiers by mother's education, separately for agricultural and non-agricultural hukou holders as defined at age 12. The patterns indicate a very strong and monotonic relationship between mother's educational qualifications and respondent's HE tiers, for urban hukou holders at least (note that there are very few agricultural hukou holders with highly educated mothers). For instance, as the mother's education increase from 7 The estimation was implemented using the Stata routine teffects ipwra. Tables A1 and A2 in the Appendix presents the full set of results for men and women, respectively. Consistent with the existing literature, mother's education qualifications seem to play the most significant role in the choice of respondents' HE types. illiteracy to university degree, the chance of an urban resident not going to HE drops from 67% to 17% while that for going to the most selective Key Universities increase from 4% to 23%. There is also suggestive evidence that rural and urban residents might have different preferences with regard to HE subjects, with the former more likely to choose STEM and the latter more inclined to do LEM. These patterns are consistent with the existing literature which suggests that students with advantaged backgrounds from urban areas are over-represented in the most selective universities in China.
The differences in sample sizes between OLS/RE and the IPWRA estimates reflect the fact that observations which are off common-support are dropped from the final outcome (wage) equations in IPWRA. However, the overlap plots for men and women respectively in Appendix Figures A1 and A2 suggest that for most graduates (i.e. the treated) we are able to find good matches from the control group of non-HE graduates.
Compared to the OLS estimates, the IPWRA returns to Law, Economics and Management (LEM) graduates are much higher, by 0.38 and 0.16 log points for men and women respectively, but only if they attend the most prestigious Key-Universities.
This implies that ignoring the endogeneity of HE types is likely to lead to underestimation of the returns to attending more selective universities, especially the most prestigious Key Universities in China.
Treatment Effects of HE Tiers Conditional on Subjects
One concern with the analysis so far is that while our model might be doing a good job in predicting the selection into different tiers of HEIs, we were unable to precisely predict the subject choice due to a lack of information on prior attainment in different subjects. Ideally, we would like to have the respondents' grades on key subjects such as Maths, Physics, Chemistry, Chinese, History etc., from say the final year of Junior High School, which would help determine the selection into STEM or non-STEM tracks in the Senior High Schools and consequently the subject choice for HE. Unfortunately, this detailed information is typically not available in surveys like ours.
To overcome this problem, in the following analysis we will estimate the effect of HE tiers conditional on subjects using RE and IPWRA. Effectively we are treating subjects as exogenous while focusing on HE selectivity. This is a useful simplifying assumption of the reality, as streaming takes place at the beginning of Year 11 in China when students have to choose between the STEM and Arts track. By the time of college/university application at the end of Year 12, the subject choice is limited to some extent by the streaming choice made some two years ago. Table 5 presents the RE estimates in columns 1-3 and the IPWRA estimates in columns 4-6 of the effects of HE tiers for men. As for our main results, RE severely underestimates the returns to attending more prestigious HEIs for LEM graduates, by as much as 0.43 log points while accounting for endogeneity of HE tiers seems to make little difference for graduate in Other Subjects. Moreover, the difference between RE and IPWRA also exceed 0.13 log points for STEM and LEM graduates from OrdinaryUniversities. Table 6 shows the corresponding RE and IPWRA estimates of HE tiers for women conditional on subjects. RE underestimates the treatment effect of studying LEM at Key Universities by 0.25 log points. It is also noteworthy that the IPWRA estimates for STEM at either Ordinary or Key Universities exceed their RE counterparts by more than 0.12 log points.
Overall, we conclude that our main results are robust to treating subjects as predetermined in HE choices. This is reassuring for existing studies which focus on estimating the returns to university tiers, as long as subjects are controlled for. Note: Robust standard errors in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.
Heterogeneous effect of the HE expansion
Finally, we explore the heterogeneous effect of the HE expansion by HE tiers and subjects. The HE sector in China experienced an unpresented expansion in the decade since 1999, with annual enrolment increased from roughly 1 million to 6 million.
The most dramatic growth took place between 1999 and 2001, with around 40% annual growth in each year. We classified people born in August 1979 or before as the pre-expansion cohort and those born in September 1979 or later as post-expansion. 8 Only about 30% of our sample are post-expansion. Due to the small sample sizes, we choose to pool gender in Table 7 which presents RE and IPWRA for pre-and post-expansion cohorts separately.
We also drop the survey month dummies from the controls.
While RE and IPWRA results are remarkably similar for the pre-expansion cohorts, they look rather different for the post-expansion cohorts. It suggests that the difference between the treatment effect estimates and their RE counterparts is driven by the substantial HE expansion in recent years. Moreover, the HE expansion seems to have very heterogeneous effect on the returns to HE, depending on the subject and tier of prestige. A comparison of the IPWRA estimates in column 4 to column 3 suggests that the returns to HE seem to have declined for most graduates, with the exception of LEM and Other Subjects graduates from Key Universities. In the case of LEM graduates from the most prestigious universities, the returns to the degree (relative to Senior High School Diploma) jumped from 0.74 to 1.08 log points. This is a staggering increase of 0.34 log points. For graduates studying Other Subjects than LEM or STEM at Key Universities, the increase in returns is about 0.30 log points. Subjects at Ordinary Universities post-expansion. It turns out that 7 out of the 9 HE types have experienced a decline in returns after the expansion. In particular, the declines in returns to STEM subjects are statistically significant at the 10% level at all tiers of selectivity. Only LEM and Other (non-STEM) Subjects at Key Universities experience increases in returns post-expansion, even though they are not statistically significant at the 10% level. On the other hand, the decline in returns to LEM at college level is significant at the 10% level.
One possible explanation is that while the HE expansion has improved the overall access to colleges and universities, it might have intensified the competition to 
Concluding remarks
To the best of our knowledge, no study so far has attempted to estimate the treatment effects of combinations of university subjects and tiers of prestige in China.
Using the first three waves of the China Family Panel Studies, we are able to identify both the subjects studied and tiers of HE prestige. We take advantage of the rich information on the respondent's school cohort and hukou status at age 12 and the mother's age and education to estimate the simultaneous choice of subject and tier of prestige of higher education institutions faced by Senior High School graduates. These factors are shown to be significant determinants of HE types defined by the 3x3 combinations of subjects and tiers.
By allowing for all possible combinations of university tiers and subjects in the students' HE choice set (even though our modest sample size limits the number of groups we can accommodate in practice), we do not impose arbitrary restrictions on the sequencing or interactions of university subjects and tiers of prestige. This modelling strategy also fits well with the Chinese college admissions system under which students list preferences over university courses, as defined by subjects at specific institutions.
Using the doubly robust Inverse Probability Weighted Regression Adjustment (IPWRA) method to account for selection on observables into both subjects and tiers, we find strong evidence that OLS and RE substantially underestimate the treatment effect of attending more prestigious universities, for graduates of both genders in Law, Economics and Management (LEM). These findings are robust to treating subjects as predetermined for the selection into HEIs by tiers of prestige. To a large extent, this reflects the reality that subject choice at the time of HE applications are heavily restricted by the streaming in Senior High Schools which takes place two years before HE enrolment. Moreover, we present suggestive evidence that these findings might be partly driven by the recent substantial expansion of the HE sector in China, which could have intensified the competition for the most prestigious HEIs despite widening overall access. In particular, the returns to HE seem to have declined for most graduates due to the HE expansion, with the exception of LEM and Other non-STEM Subjects graduates from Key Universities.
This study has certain limitations which are worth highlighting. First of all, the sample size is still relatively small, especially for the post-expansion analysis. Secondly, the lack of measures of prior educational attainment from secondary schools, such as the actual academic tracks and subjects chosen, imposes limits on feasible identification strategies.
Nevertheless, this study represents an attempt at estimating the causal effect of the returns to HE tiers and subjects, which have important policy implications and are of wide public interest in China. More causal studies are needed in the future before we get a better understanding on this important issue. 
